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PPAR Agonist Therapeutics

« PPAR daminma aaonists - insulin sensitizers for type
— Approveda arugs — Actos (ploglitazone), Avanaia
(rasiglitazone)

PPAR alphig atgonists —for ayslipiaeniia, increase HDL,
aecrease 1G, no effects on LLDL.
Approvea arugs —fibrates (fenofibraie, clo fibrate)

PPPAR aual aagonists (alphalgamima) — being aevelopea for
combinea treatment of type 2 aiagbetes ana ayslipiaeniia

Muraglitazar, Tesadlitazar, Ragaglitazar, Naveglitazar

PPAR aelta agonists — being aevelopea for obesity

PIPAR pan aaonists (alphalaelta/gamma) — heing aevelopea

fordty ols Zdiahetesls ana ayslipiaemia
m Endocrinologic and Metabolic Drugs




PPAR Agonist Development Chronology

Trodglitazone — approvea 1997, Removea from market for safety
concern (i.e., arug-inaucea liver faillure) in z000.

Picdglitazone ana Rosidlitazone — approvea by FDA In 1999,

Seven years since last approval despite intense interest in this
therapeutic area, 1.€., aozens of compounas in aevelopment
(> 50 INDs).

Numerous aevelopment programs terminatea — all for safety

ISSUES.

Toxicities ohservea in animals are also obiservea clinically .
(e.G6., caralac, skeletal muscle, renal, bone marrow).

Most agonists in aevelopmient are non-thiazoliginegiones.
LLiver toxicity has not bheen & clinical safety issue.
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Discontinuations for Clinical Caralac Safety

lnairect - PPAR gamma-meaiatea fluia accumulation, weight gain,
ana Fr'rnm |€‘rd|ﬁ(‘ to excess CHIF (aose ana duration ﬁrptnr‘rn
may be pharmacologic effect on kidney)

Approvea arugs —re-labelea to aescribe CHI- risk

Pro-active stuay — Piaglitazone (l.ancet 366:9493, Oct. 2005)

Muraglitazar Aavisory Committee - Sept. 2005

Numerous other non-approvea arugs with clinical safety signal
for excess enemal/CHE (gamma ana aual agonists).

Direct caraiotoxicity(?) — aeath, MI, stroke, TIA.
Clinical — Muraglitazar Aavisory Committes, Sept 2005

Preclinical eviaence for airect caraiotoxicity with aual ana alpha
agonists.
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Discontinuations for Clinical Safety
Non-caralac

« Skeletal muscle toxicity — rhighaomyolysis in
[Fhase 1 trials
— l.eq to aiscontinuation of 1 aual , 1 alpha

agonist

Renal toxicity — > 50% increases in creatinine,
excess renal failure
— l.ea to aiscontinuation of 2 aual agonists.
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Nonclinical Safety Issues
Rotent Carcinog :.nmt) F-indings

« Drugd- relatea increases in tumors wWith ganmima ana aual
aaonists

Mouse (CD-1, B6C3FI)
hemangiosarcomas observea with 1013 compounas

Fct( SD, Wistar, Fischer) -
Eladder tumors — 5/7 dual agonists (negative in Wistar rats)
Sarcomatous tumors of agipose, skin, renal tubules,
muscle (uterus, stomach)- more common with aual agonists

Accoraing to the International Agency for Research on Cancer
(IARC) ana Environmental Protection Agency (2PA) criteria .
Multi-species, multi-strain, multi-sex, multi-site carcinogens =
“probable human carcinogen”

Class-relatea tumor finaings lea to aevelopment of policy
requiring completion of rodent carcinogenicity studies prior to
the initiation of Phase 3 clinical studies (> 6 months duration).
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Discontinuation for Nonclinical Safety Issues

« Five aual agonists aiscontinuea (by sponsors) for multi-species,
multi-sex, multi-site increases in tumors with no safety margins
for clinical exposures.

Three compounas terminatea prior to CDER recommenaations for
completion of carcinogenicity testing prior to Phase 3. (June
2004).

Developrient 6f Zadditionai compounds term IN&tea for roaent
carcinogenicity finaings (multispecies, multisite tumors at all
aoses ) since the CDER policy was imiplementea.

« Brain lesions — not monitorable or reversible
ventricular ailation, brain vacuolation —aog (n =1 arug)
birain hemorrhages —monkey (n =1 arug)
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PPAR Safety Summary

« PPAR gamma-mediated fluia accumulation, edema, weight
gain with consequent increased frequency of CHF is the
major dose-limiting adverse event.

The fluia accurmulation ana resultant aaverse caraiac
effects are observeda preclinically ana clinically with
virtually all compounas with PPAR gammia activity
(Gamma, aual , ana pan agonists).

Clinical safety issues responsible for the aiscontinuation
of more compounas than roaent carcinogenicity ISsues.

\Wihille the approvea arugs are associatea with increasea
eaema ana CHFE, there is no evidence of direct _
caraiotoxicity with the approvea PPAR gamima agonists.
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PPAR Gamma-Mediated Cardiac Toxicity

Fiuia accumulation in all species (mouse, rat, aog, rabbit, monkey,
hiuman).

Fiuia accumulation leads to welght c“c-m, eaenma, caraiac
hypertrophy with resultant hieart failure in all species.

Dogs miore sensitive to PRPAR toxic effects than other species, thus
not helpful for establishing safety margins for clinical doses. l.ed
to recommendation that general toxicity testing be conducted in
rats ana monkeys.

Huia accumulation, weight gain, caralac hypertrophy observea with
shiort latency (within 1-3 months).

Drug-inaucea hieart faillure ana aeath observea with chironic
treatment (> 6 monthis in animals ana man).
— L.ed to recommenaation for 1 year non-roaent toxicity stuay in
attemipt to define NOAEL exposures for chironic clinical acsing.
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PPAR-Related Cardiac Toxicity: Nonclinical

Atrial thromibi, pericaraial/thoracic effusions, caraiomyopathy,
interstitial expansion, ana CHE--relatea aeaths observea in rats
ana monkeys with chironic treatrment (1 yr in monkey, > 1 year in
rats ana mice).

Dual ana alpha agonists also associatea with airect
caraiomyopathy in mice, rats, aoas, ana monkeys.

NG aaverse effect levels (NOAEL) for fluia accumulation ana

resultant aaverse caraiac effects (CHIE-, death) decrease

markealy with increasea treatment auration in animals ana

hiumans

— Safe aoses in Phase Z clinical trials ao not predict safe aoses
for Phiase 3 or chironic treatment.

Division aefines NOAELS for caraiac toxirity using aata from the
longest auration nonclinical stuaies (1 yr monkey, Z year rat).
Therefore, data from rodent carcinogenicity studies used to
aetermine NOAELS for caraiac safety, as well as safety marging
for carcinogencity.
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[-ffect of Treatment Duration on LLOAE:L
Clinical Examples

Duration 12 -16 Wks 24-26 WKks

Gamma
Edema 10 mg
CHF 10 mg

Gamma
Edema 5mg
CHF 10 mg

Edema 5mg
CHF

Edema
CHF
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Implications of Caraiac Toxicity for
Carcinogenicity Testing

Doses which increase heart weights 2 25% in rodents at 3 monthis result
in premature caraiac mortality in Z- year carcinogenicity stuaies.

RRats miore sensitive to adeveloping fallure seconaary to fiuia
accumulation ana caraiac hypertrophy than mice.

20-25% increases in heart weight accepted to establish the maxinmum
toleratea aose (MTD) for carcinogenicity testing in bioth rodent species.

This paradigm aevelopea based on experience with PPAR gamma
agonists ana successfully preaicts MTD for most gamima only
COMpoUnas .

However, use of 2z0-25% increase in hieart wt to aefine the high acse
(MTD) for aual agonists has been less successful. Premature mortality
still observea with high dose in 2 year rat stuaies with most aual
agonists . Data suggest anaition of alpha activity to aual agonist
enhiances caralac toxicity .
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Imiplications of Carailac Toxicity for Clinical
Stuay Desian

Patients with NYHA class 3 ana 4 caraiac adisease have
usually been excluadea from Phase 3 trials.

Phiase Z2gng 3 protocols shoula incluae prospective
monitoring for fluia accumulation, welght gain, egema

Stopping criteria shioula be preaefineq.
Monitor aiuretics use or aose chianges.
DSME adjuaication of caraiac maorbiaity ana maortality

(e.q., CHF, MI, stroke, TiA, aeath).
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Implications of Cardiac Toxicity for Clinical
Studies (slide 1)

Phiase 3 stuaies shoula be aesignea as one year rontrollrc‘
trials with collection of open labe! safety aata forup to z
years in a significant number of patients (r G., minimunm of
500 subjects for 18 months and 200 for 2 years).

Phiase 3 dose selections basea on arug exposures at
NOAELS in the chronic preclinical studies and Phase 2
safety data have been associatea with excess caralac
toxicity (enema, heart failure ana caraiac morhbiaity) in
numerous failea Phase 3 programs

Phiase 3 trials only justifiea if ?-f(ty margin is fully
adequate at doses expected to have sufficient clinical effect
(i.e, if edema is observed at (“oce:s close to those reqguirea
for efficacy, drug may not be & good candidate for further
aevelopment).
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Imiplications of Caraiac Toxicity for Ciinical
Stuaies (sliae 2)

« Phase 3 clinical safety aata suggest that humans with type
Z alahetes are more sensitive to the chironic caraiotoxic
effects of PPAR agonists than the young hiealthy animals
usea in preclinical toxicology stuaies. (1.€., arug
exposures at NOAELS in roaents ana monkeys over
estimate safety margins).

Caraiac toxicity is progressive in hiumans ana animals .
(1.€., seen at lower aoses/AUC exposures with longer
treatment auration).

Doses withiout caraiac safety signals after chironic

treatment are usually 5 to 10- fola lower than doses
consiaeren safe after 12-16 weelks of treatment.
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Recommenaations for Phiase 3 Stuay
Desians

-valuation of caralac safety aata from chironic preclinical
stuaies ana Phase z clinical stuaies will he conauctea prior
to the initiation of Phase 3 trials. (coinciaent with the
submission of the rodent carcinogenicity aata).

Caraiac safety assessmient may result in aose limitations
ana/or the recommenaation for collection of cardiac
outconmes aata in Phase 2 trials .

Currently, recommenaations for Phase 3 caraiac outconme
stuaies will be mate on a case-hy -case basis aepenaent
on the caraiac safety profile of each compot .d.
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